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Abstract 

Using the high-sensitive mechanical method of measuring Q the dissipation 
processes in superconductors, the 3D-2D phase transition in magnetic field 
was investigated in the vortex lattice of strongly anisotropic high-temperature 
superconductors of Bi(2223) system. It was shown that with the increase of 
external magnetic field the dissipation connected with a motion of vortexes 
relative to the crystal lattice of a sample, first increases, reaching the maxi- 
mum and then with a further increase of the magnetic field sharply reduces 
as a result of pinning enhancement in connection with the transition of three- 
dimensional vortex system in quasi- two-dimensional "pancake" one. 
PACS number: 74.60.-w, 74.60. Ge, 74.80. Dm 
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With a help of computer calculations it was shown recently in that in the layered 
high-temperature superconductors of BCCO system the disintegration of three-dimensional 
vortexes into "pancake" ones - the so-called 3D-2D transition could take place. 

This transition must be accompanied by a sharp increase of critical current that in its 
turn means a sharp increase of a pinning force accompanying the disintegration of volume 
vortexes into "pancake" - like ones. This also should strongly affect the dissipation processes 
accompanying the motion of vortex system. 

Naturally, at this transition, as a result of the increase of the pinning force, the energy 
of dissipation should also sharply diminish. 

If one measures the losses in a vortex system their strong decrease would be obtained at 
the 3D-2D transition. 

The experiment on investigations of such type phenomena was made by us using 
the oriented layered high-temperature superconductor samples of BiijPbo.sS^CazCusOy 
[BSCCO(Bi2223)] system. 

Layered high-temperature superconductors are characterized by a strong anisotropy of 
their superconductive properties. From this point of view the layered high-temperature 
superconductors of BCCO system are particularly distinguished. They are characterized by 
a high degree of anisotropy [0-[5| with anisotropy parameter T=M/m^>l, (where M is the 
effective mass along c-axis, and m is the effective mass in the ab-plane) and amounts to 
T « 10 3 . 

When outer field H is directed along c-axis, H||c, then below a definite field B = B 2 d 
the vortex system behaves as three-dimensional one, and above B > B 2( j it behaves like 
quasi-two-dimensional system. 

The 3D-2D transition field B = B 2 d can be evaluated by expression ||: 

B 2D - ± (1) 

Where d is the distance between CuO layers, and $o is the magnetic flux quantum - 
$o — 2.07- 10~ 7 G-cm 2 . The 3D-2D transition from a three dimensional character of super- 



conductor behavior to the quasi-two-dimensional one takes place when 

H± = d, 

where £j_ is the coherence length perpendicular to the ab-plane, that is the coherence length 
along c-axis 

a = £ c , 

and d is the distance between layers (d=c/2). From this condition we could define the 
so-called crossover temperature - T cr || which proves to be equal: 

T c (2) 

T cr is always below the critical temperature of superconductive transition T c ( T cr < T c ) . 

When £ C (T) <C d one could apply the quasi-two-dimensional approximation and the 
3D-2D transition would be observed below T < T cr , i.e. when T c (T cr < T < T c ). 

Consequently, the processes taking place under these conditions are described by the 
layered model. And if the temperature T> T cr , but below T c (T cr < T < T c ), then properties 
of superconductors can be described by the unequilibrium anisotropic 3D model. 

As the estimation shows, in Bi (2223) system the 3D-2D transition can be observed 
in comparatively low magnetic fields B < IT. For this reason the above pointed 
Bii,-jPbo^Sr2Ca2Cu^O y system was chosen. 

If the cylinder-shaped high-temperature layered superconductor sample being in the 
mixed state is suspended by a thin elastic thread and set in axial-and-torsional vibrations 
in the transverse magnetic field, then vortexes formed in the sample and tending to be 
oriented along magnetic field should increase the elastic moment acting from a suspend on 
the sample because they are fixed at the pinning centers |J. On the other hand, vortexes 
being torn from the pinning centers at some torsional angles should increase the dissipation 
of the sample at their motion relative to it. Figure 1 gives a diagram of the instrument. 
Sample 1 was glued to the crystal holder 2, and attached to straightened glass rod 4, which, 
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in its turn, was suspended on the thin elastic thread 3. In the upper part of the rod, light 
organic glass disk 5 of diameter R=l cm and mass m=0.4g was fixed. 

The moment of inertia of the suspend system was / = 0.5 g- cm 2 . The recording of vibra- 
tions was made using mirror 6 glued to the suspend system, and photoresistive transducers, 
mounted on scale 7. The scale with transducers was separated from mirror 6 at a distance of 
l=200cm and the maximal vibration amplitude in our experiments didn't exceed ip ~ 3-10 -1 
rad. 

The logarithmic damping decrement S of the vibrations of a suspended system was mea- 
sured by recording the time of flight of a light spot, reflected from the vibrating mirror, 
between two transducers J7j. The part of cryostat, where a superconductive sample was 
placed, was filled with liquid helium or liquid nitrogen, and placed in a 8k0e magnetic field 
perpendicular to the superconductive cylindrical sample axis. Electromagnet 8 was sup- 
ported by a system of bearings and could rotate around its axis. The system of coils 9, 10, 
11 can provide both longitudinal and transverse fields in respect to sample's axis. In the 
case of necessity these coils also could be useful for application to the sample of additional 
pulsed and oscillating magnetic fields. The sample was glued to the crystal holder in such a 
way that its c-axis was directed along the magnetic field H perpendicular to the vibration 
system axis. By rotating of electromagnet 8 one could set the direction of magnetic field 
along c-axis using the diamagnetic moment of forces acting on the c-oriented sample f8|. 

If necessary, we could also measure the anisotropy of elastic- viscous properties of vortex 
system. 

The small axial vibrations of sample were measured during which its c-axis experienced 
small deviations with respect to the magnetic field. The maximal amplitude of vibrations 
was not more than (p max ~ 3 ■ 10 _1 rad. The dependence of logarithmic damping decrement 
of the vibrations on the outer magnetic field tension H directed along c-axis of strongly 
anisotropic layered high-temperature superconductor system Bii_-jPbQ^Sr 2 Ca2Cu^Oy was 
investigated. 

In Fig. 2 the dependence of d on the outer magnetic field tension H is presented. As it 
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is seen from the figure, in the weak fields up to approximately H=140 Oe the damping 8 
with an increase of the magnetic field tension increases, but then beginning from 175 Oe it 
sharply decreases and already at magnetic fields of the order of 1250 Oe it becomes equal 
to the damping value at the absence of a magnetic field. 

Further a slow reduction follows, and at field H=1750 Oe and higher it turns out to be 
slightly less than at the absence of magnetic field. 

A sharp reduction of damping processes at fields >175 Oe, to our opinion , is related 
with the 3D-2D phase transition in the vortex system, when volume 3D vortexes transform 
in quasi-two-dimensional 2D vortexes and the increase of critical current connected with 
this transition and, correspondingly, of the pinning force, strongly reduces the dissipation 
processes, connected with the motion of vortex system. The 175-1750 Oe interval is a 
transition range. The possibility of 3D-2D transition was discussed in the very interesting 
work || in connection with the transformation of V-I characteristics of Tl-iBa-iC '^CusOxos 
in the magnetic field range 1500-1600 Oe . The estimation of 3D-2D transition critical field 
value B 2 d according to formula (1) and using the data of [§,0: T = 3 • 10 3 , and d=18.5 
A, gives B 2 d ~ 2000 Oe being in our opinion in a good agreement with the experiment. 
The estimation of the crossover temperature T cr by formula (2) using the results of works 
000: T c = 107 K, f c (0) = 1.4A, and d=18.5A results in T cr =105.7K. 

Beginning from T=90K up to T=105K the 8(H) dependence character presented in Fig. 2 
is not changed. But at T=106K the 8(H) value is sharply reduced and basically changed 
that points to the correctness of our estimation of T cr . 

In our opinion, the transition range presented in the increased scale in the insertion to 
Fig. 2 deserves an attention. 

As it is seen in Fig. 2 at the weak fields H < 1 kOe the 8(H) dependence shows the 
presence of peaks which can be connected with phase transitions in the vortex system, for 
example, the transition of Abrikosov vortex |Tt| into glassy state or its melting. 

The estimation of vortex lattice melting field |T3| gives: 
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where j3 m « 5, Cl ~ 0.2 



S m (T)^/3 m ^ c2 (0)(l-^) 2 (3) 



= -— ^ (4) 



The second critical field H c2 is estimated in the following way [f[4 j: 



^ (0) = 4k < 6 > 

where £ a ft(0) in different experiments falls in the range 15 -=-17 A. 

One obtains: H c2 (0) = (114-^146, 5) T. Hence, using formulas (3), (4) and (5) one obtains: 
B m {T) « 275 + 315 Oe at T=100 K. 

This value is in a good agreement with the second maximum of logarithmic damping 
decrement of vibrations in the insertion of Fig.2 which is seen at H « 280 Oe. 

So, the damping peak observed by us in the transition range of magnetic fields can be 
related with the Abrikosov vortex melting, i.e. with the melting of 3D vortexes |T3] . 



It should be pointed that the 3D-2D transition at increasing magnetic field, predicted by 



M.Fisher and collaborators |L5] in the strongly anisotropic layered materials, can be realized 
also in superconductors with not so extremely high value of anisotropy factor, as in BSCCO, 
but with its comparatively low value. 



As an illustration one can consider the interesting work [16j on investigation of the 3D-2D 
transition in the fine layers of Y Ba^Cu^O-js. 

In conclusion, it should be pointed that the sharp decay of dissipation at fields B>175 
Oe observed by us is probably connected with a sharp increase of pinning force because the 
amplitude effects of dissipative processes sharply decrease at strong fields B>2000 Oe. 

Thus, this phenomenon, in its turn, points again to the possible phase transition in the 
3D-2D vortex structure in fields B>2000 Oe. 
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We have started experiments on the direct measurement of pinning force at the 3D-2D 
phase transition. 

And, finally, authors are expressing their sincere gratitude to M. J. Chubabria for prepar- 
ing the samples, and to N. G. Suramlishvili and Yu. G. Mamaladze for the discussion of 
experimental results. 

This work is made with support of International Scientific and Technology Center (ISTC) 
through Grant G-389. 
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FIGURES 

FIG. 1. The diagram of low-temperature part of instrument: 1 - sample, 2 - crystal holder, 
3 - thread, 4 - glass rod , 5 - discus, 6 - mirror, 7 - scale with photoresistive transducers, 8 - 
electromagnet, 9-11 - coils. 

FIG. 2. Logarithmic damping decrement 8 of the vibrations of a suspended system as a function 
of the external magnetic field H. 
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